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Abstract 
The paper introduced a kind of new ultra-fine water mist extinguisher, and conducted serials total flooding extinguishing test on ultra-fine 
water mist extinguishing heptane cup fire in 1200mm×1200mm×1200mm confined space. Test results showed that the ultra-fine water 
mist extinguisher was effectively in extinguishing 50ml heptane cup fire when it’s theoretically mist flux was 100ml/min or more. 
© 2012 The Authors. Published by Elsevier Ltd.  
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1. Introduction 
In these tens of years, halon compounds were found not environmentally-friendly. After Montreal protocol in 1987, 
water mist technique used in fire extinguishment developed rapidly. [1-3] 
Electronic ultrasonic device could produce water mist upon water, when the frequency of the device is bigger than 
1.7MHz, the average diameter of the water drops in the water mist will be less than 50 m, which is ultra-fine water mist. In 
these several years, there are a lot of researches on ultra-fine water mist extinguishing fire test, researches are showed that 
ultra-fine water mist is an effective fire extinguishing agent. [4-10] 
This paper will introduce a kind of new ultra-fine water mist extinguisher, and conducted serials total flooding 
extinguishing test on ultra-fine water mist extinguishing heptane cup fire in 1200mm 1200mm 1200mm confined space. 
2. Ultra-fine Water Mist Extinguisher 
The ultra-fine water mist extinguisher was consist of 3 300W ultrasonic atomizers, each atomizer can work 
independently, so the theoretically mist flux is 50 ml/min, 100 ml/min and 150 ml/min with the power is 300W, 600W and 
900W. The height of mist outlet is 550mm; the dimension of the outlet is 140mm×240mm. The average flow rate of the 
mist outlet is 0.3m/s. Details of the ultra-fine water mist extinguisher see Fig.1. 
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Fig.1. Schematic of Ultra-fine Water Mist Extinguisher 
1. Water tank; 2. Water pump; 3.Ultrasonic atomizers; 4. Water storage box; 5. Mist generate area; 6. Fan; 7. Air inlet; 8. Mist outlet 
In the test, the water pump will firstly pump water from the water tank to the water storage box, if the water storage box 
is full, the redundant water will flow to the water tank from the edge of the water storage box. When the ultrasonic 
atomizers is power on, the ultra-fine water mist will gather in the mist generate area, the fan will pull the ambient air from 
the air inlet to the mist outlet, and the air flow will carry the ultra-fine water mist to the ambient. This water mist 
extinguisher could continuously increase the ultra-fine water mist concentration of the confined space. 
The carrier gas of the water mist extinguisher is the mixture of smoke and water mist in the confined space, that will 
effectively reduce disturb of outside carrier gas to the water mist concentration and the oxygen concentration in the confined 
space. [11-13] 
3. Test Procedure 
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Fig.2.(a) Schematic of the confined space extinguish test; (b) Dimension of the confined space extinguish test 
1. Test chamber; 2. Thermocouples tree; 3. Heptane cup burner; 4. Ultra-fine Water Mist Extinguisher 
The diameter of the cup burner is 100mm, and the height is 100mm, and the thickness of the stainless steel cup is 0.5mm. 
The fuel in the burner is the mixture of 50ml heptane and 300ml water.  
The thermocouple tree consists of 4 1mm diameter K type thermocouples. The heat conjunction of the thermocouples 
lined on the vertical center line of the cup burner top surface, the location is 20mm, 20mm, 120mm and 220mm from the 
center of the top surface. The lowest thermocouple hot conjunction is located about 20mm above the fuel surface. 
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The test firstly adds the fuel to the cup burner, and then the data acquisition system begins to record the test data. 30 
seconds later, the fuel is ignited. Another 30 seconds later, close the door of the test chamber. Another 30 seconds later the 
ultra-fine water mist extinguisher begins to work. After that, observe the data acquisition system, if the temperature of the 
lowest thermocouple is down to 200  or below, it indicated that the fire is extinguished, then stop the extinguisher. 60 
seconds later, open the door. After the smoke and the water mist dispersed, check the cup burner, if there is residual fuel, 
ignite the residual fuel. 
4. Test Data and Analyse 
4.1. Test data 
Four different test with the theoretically mist flux is 0, 50 ml/min, 100 ml/min and 150 ml/min was conducted, every 
condition repeat 3 times. Test data was shown in Table 1. 
                  Table 1. Test Data of 12 Different Tests 
Fuel Total Burning 
Time, s Extinguishment Time, s
Average Temperature of the Lowest 
Thermocouple During 30 seconds 
Before the Extinguishment ,  
Test 
No. 
Theoretically 
Mist Flux, 
 ml/min 
Single Test Average Single Test Average Single Test Average 
Successful 
Extinguish 
or not  
1 789 - 683.1 Not 
2 813 - 604.5 Not 
3 
0 
837 
813 
- 
- 
667.6 
651.7 
Not 
4 816 717 568.5 Not 
5 813 732 523.1 Not 
6 
50 
804 
811 
699 
716 
569.9 
553.8 
Not 
7 737 543 500.4 Yes 
8 765 576 512.5 Yes 
9 
100 
700 
734 
540 
553 
511.9 
508.3 
Yes 
10 678 456 514.1 Yes 
11 687 426 505.2 Yes 
12 
150 
681 
682 
432 
438 
497.6 
505.6 
Yes 
4.2. Analyze of the Fire Temperature 
The temperatures of the lowest thermocouple were stable and accurately reflect the combustion status. Fig.3 showed the 
typical temperature curve of the 4 different test conditions. 
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Fig.3. Lowest Thermocouple Time-Temperature Curve of 4 Different Test Conditions 
Fig.3 showed when the theoretically mist flux was 0 ml/min, the temperatures of the fire changed a little during the 
whole test, although the oxygen in the confined space was continuously consumed. But when the ultra-fine water mist was 
introduced in the test, the temperature of the fire decreased, and more temperature decreased with more mist introduced.  
Because the hot junction of the lowest thermocouple was just 20mm above the surface of the fuel, so the average 
temperature of the lowest thermocouple during 30 seconds before the extinguishment can accurately reflect the temperature 
of the fuel, the data of table 1 showed that almost all the value were bigger than 500 . Because the ignition point of 
heptane in air is about 210 , the fuel temperature upon the fuel surface is much bigger than it, so we can include that the 
mainly reason of the heptane cup fire extinguished by ultra-fine water mist was not cooling. 
4.3. Analyse of Fuel Total Burning Time and Extinguishment Time 
In these test, the fuel total burning time is the first burning time plus the burning time of the residual fuel. The 
extinguishment time is the time from the water mist extinguisher was powered on to the fire was extinguished. 
The data of table.1 showed that fuel total burning time was almost the same, which because the water mist concentration 
of the 50 ml/min theoretically mist flux test is too thin to influent the fire. When the theoretically mist flux is bigger, there 
are more water drops vaporized by the fire and which absorbed a lot of heat of the fire, so the vaporization of fuel will 
accelerate to hold the combustion and the fire temperature. That’s why the total burning time was shorter when the fire was 
extinguished by the water mist. 
The extinguishment time of table.1 also showed that, the theoretically mist flux increased from 100 ml/min to 150ml/min, 
the extinguishment time decreased a lot, from 553 seconds to 438 seconds, that indicate ultra-fine water mist was very 
important in the test, which also showed ultra-fine water mist was an effective fire extinguishing agent. 
5. Conclusion 
We can get fine water mist by electronic ultrasonic technology very easily, and the water mist is gentle and easy to be 
control, the diameter of water mist also can be very small, so more and more research about electronic ultrasonic water mist 
used in fire research was found in these years. With the further research about electronic ultrasonic water mist there must be 
some electronic ultrasonic water mist extinguishment tools applied in the fire suppression. 
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